3 iLH − power dependence Figure S4 : Energy level diagram of the loss of CO 2 from iLH − phenolate 1 in the S3 excited state. To illustrate the change in the upper limit of the kinetic energy of photoelectrons upon photofragmentation, it has been assumed that the electronic excited state (Sn) of the photofragmentation product anion lies at the same energy as the S3 state of the parent anion. It is shown that if the electronic excition energy of the parent ion is retained during the photoframentation process the upper limit of the kinetic energy of detached electrons is higher after photofragmentation. The relative S0 energies are determined from the DFT/B3LYP 6-311G++(3df,3pd) optimised geometries of the parent ion and fragmentation products. The S3 vertical excitation energy was calculated with ADC(2)/aug-cc-pVDZ. The vertical detachment energies were calculated with EOM-IP-CCSD/aug-cc-pDVZ. Table S1 : Absolute energies (B3LYP/6-311++G(3df,3pd) in a.u.) and geometries of the luciferin and infraluciferin anions and fragments after loss of CO 2 , H 2 or H 2 +CO 2 with EOM-IP-CCSD/aug-cc-pVDZ electron detachment energies in eV and the corresponding orbitals from which the electron is detached with the corresponding weights in %.
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We have performed a linear interpolation of internal coordinates (LIIC) between the two phenolate isomers (Figure 1) , where for each step we calculated the VDEs for D 0 and D 1 with electron propagator theory (EPT) using outer valence Green's function (OVGF) and the aug-cc-pVDZ basis set. The EPT VDEs are slightly lower than the EOM-IP-CCSD VDEs (by about the same amount for each isomer), but are faster calculations to run. The whole rotation from phenolate 1 to phenolate 2 requires a torsion around the NCCO dihedral angle (where the oxygen is the one to which the hydrogen is bound) of less then 90 ○ . Figure S6 : Top: Interpolated structures of luciferin phenolate between the geometries of phenolate 1 and 2 structures at which EPT/aug-cc-pVDZ D0 and D1 VDEs were calculated. Bottom: Plot of EPT/aug-cc-pVDZ VDEs for D0 and D1 as a function of steps along the geometry distortion coordinate connecting the geometries of phenolates 1 and 2.
ADC(2) excited states calculations
The following tables list the excited states calculated with ADC(2)/aug-cc-pVDZ for the luciferin and infraluciferin phenolates. The tables contain the state, VEE in eV, the excitations with weights c 2 and the oscillator strengths f . The excitations are given in terms of the involved orbital numbers. Where several excitations from the same orbital into different virtual orbitals occurs, the excitations are compressed to one line dividing the different virtual orbitals and weights by slashes. For the states with higher oscillator strengths (values >0.02) and for states that do not include diffuse virtual orbitals, excitations are also expressed by the orbital characters, where "diff" denotes that an excitation takes place into a diffuse orbital. The oscillator strengths of the brightest states ( f > 0.1) are marked in bold. Selected orbitals involved in the transitions are shown in the figures next to the tables ordered by the number and where used in the 
